Background-The proximity of the outflow tracts (OTs) frequently results in an overlap in surface electrocardiographic features of ventricular arrhythmias originating from this anatomic region, particularly when the transition occurs in lead V 3 . In addition, no reliable criteria to discriminate between a right ventricular OT (RVOT) and a left ventricular OT (LVOT) site of origin (SOO) are derived from intracardiac mapping. Methods and Results-A series of 15 patients underwent ablation because of OT ventricular arrhythmias having a V 3 transition, and a septal earliest activation on the RVOT was included in the study. Electrocardiographic and mapping data were collected to analyze accuracy in predicting the RVOT versus the LVOT SOO of the ventricular arrhythmia. A 10-ms isochronal map area in the RVOT was smaller in the RVOT SOO group (1.2 [0.4-2.1] versus 3.4 [2.4-3.9] cm 2 , respectively; P=0.004) and had a shorter perpendicular diameter (13 [7-17] versus 28 [20-29] mm; P=0.001) and a higher longitudinal/perpendicular axis ratio (1.04 [0.95-1.11] versus 0.49 [0.44-0.57]; P=0.001). A 10-ms isochronal map area >2.3 cm 2 predicted an LVOT origin with 85.7% sensitivity and 87.5% specificity, whereas a longitudinal/ perpendicular axis ratio <0.8 predicted an LVOT origin with 100% sensitivity and 100% specificity. Electrocardiographyderived parameters showed lower values of sensitivity and specificity. The distal coronary sinus activation mapping did not permit distinction between RVOT and LVOT SOO. Conclusions-The 10-ms isochronal map area and the longitudinal/perpendicular axis ratio accurately predict the RVOT versus the LVOT SOO in patients with OT ventricular arrhythmias, a V 3 transition, and a septal earliest activation. (Circ Arrhythm Electrophysiol. 2012;5:484-491.) Key Words: activation mapping ◼ idiopathic ventricular tachycardia ◼ left ventricular outflow tract ◼ right ventricular outflow tract ◼ ventricular tachycardia ablation
I diopathic ventricular arrhythmias (VAs) most often arise from the right ventricular outflow tract (RVOT) or the left ventricular outflow tract (LVOT). Several algorithms have been developed to determine the site of origin (SOO) based on surface ECG analysis. [1] [2] [3] However, the close proximity of the OTs, 4 the presence of electrocardiographic abnormalities during sinus rhythm, and the presence of structural heart disease frequently result in an overlap in surface ECG features. In addition, intracardiac electrogram (EG) prematurity varies greatly in patients with OT VAs, showing an overlap between successful and unsuccessful radiofrequency (RF) ablation sites. [5] [6] [7] [8] Specifically, when the transition in the precordial leads occurs in V 3 and the maximum EG precocity is located in the septal RVOT, there are no reliable criteria to predict RV versus LV origin. This circumstance may result in extensive, unsuccessful, and unnecessary RF applications.
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However, the use of activation maps with the electro anatomic mapping systems not only permits finding the earliest activation point in the mapped chamber, but also the depiction of the time course and the shape of impulse propagation, which greatly depend on myocardial fiber orientation. 9 Isochronal map areas have been previously analyzed in patients with RVOT VAs, 5, 10, 11 although no previous study investigated their ability to predict RVOT versus LVOT origin. The RVOT fiber orientation is circumferential and parallel to the atrioventricular groove in the subepicardial region but longitudinally aligned in the endocardial surface. 12 Therefore, it can be expected that the area/ shape of isochronal maps in the RVOT would differ depending on the SOO because the propagation velocity depends on the fiber orientation. 13 Finally, it has been suggested that mapping the distal coronary sinus (CS) could help in identifying the actual SOO. 14 We hypothesized that the data derived from the isochronal map area measurement and analysis could provide new predictors accurate enough to reduce mapping requirements and unnecessary RF applications in OT ventricular tachycardias (VTs) with V 3 transition and septal earliest activation. Data provided by distal CS mapping were also analyzed.
Methods

Patient Characteristics
From a series of 38 consecutive patients who underwent OT VA ablation, a subgroup of patients meeting the following 2 criteria (n=15) was selected for more precise intracardiac EG analysis: (1) a transition from negative to positive QRS complex during premature ventricular complex (PVC) in the precordial lead V3; and (2) the earliest EG during activation mapping being located septally in the RVOT in the electroanatomic map. The V3 transition was considered on the basis of agreement between 2 observers blinded to the electrophysiological data and ablation results.
Patients with arrhythmogenic RV cardiomyopathy and those with a V3 transition and nonseptal activation were excluded from the analysis. Patients with baseline ECG abnormalities or structural heart disease were not excluded from the study.
Electrophysiological Study
The electrophysiological study was performed in a 12-hour fasting state after written informed consent had been obtained. β-Blockers and antiarrhythmic medications were discontinued for 5 half-lives before the procedure. A 6F electrode catheter was introduced into the RV apex for stimulation. If the arrhythmia was not present at baseline, programmed RV stimulation was performed with up to 3 extrastimuli or burst pacing. Isoproterenol was used only in 1 patient with baseline PVCs to induce clinical VT with the same morphology but was not maintained during mapping. The CARTO (Biosense Webster, Diamond Bar, CA) electroanatomic mapping system was used to guide ablation in all cases. The ablation catheter used for mapping and ablation was a 7F 3.5-mm-tip irrigated catheter (NaviStar, Biosense Webster) in all cases. The 12-surface ECG leads and intracardiac EGs were displayed and recorded by an electrophysiological data acquisition system (EP-Tracer, CardioTek, Maastricht, the Netherlands, or Bard LabSystem, C.R. Bard Inc, Lowell, MA).
Mapping and Ablation
A detailed bipolar endocardial activation map was sequentially taken during either PVC or VT in the RVOT, in the distal portion of the CS until the junction with the anterior interventricular vein, and in the LVOT (supravalvular and subvalvular). The epicardium was mapped in only 1 case. Because the total number of mapped points does not properly reflect the mapping accuracy, the minimum density of points required to consider that the electroanatomic map of a given chamber was acceptable was defined as a fill threshold of 15 mm. RF was delivered at the earliest activated site after careful mapping of all the structures. The temperature limit was set at 45°C. A power limit of 40 W was used in the RVOT and the subvalvular LVOT, 20 W in the CS, and 30 W in the aortic root. At successful RF ablation sites, energy delivery was continued for a full 60 seconds. When the PVC or VT was not eliminated after 30 seconds, energy delivery was discontinued, and another site was selected for further applications.
Data Collection
Relevant ECG data known to differentiate between RVOT and LVOT SOO, such as the R-wave duration index and the R/S-wave ratio in leads V1 and V2, 3 the V2 transition ratio, and the PVC transition occurring earlier/later than during sinus rhythm, 1 were collected for analysis. The highest prematurity was considered to be located at the point with the earliest activation time relative to the earliest onset of the QRS complex and was measured online and used to decide the RF application location after comparing data from the different structures. The data derived from the isochronal map area measurement and analysis were obtained offline, and therefore, the procedure results were not dependent on these data. The isochronal map areas were measured using the area measurement tool of the CARTO system. To obtain reproducible results, the minimum fill threshold value required to fill the RV 10-ms isochronal map was also measured ( Figure 1 ). The spread of activation was characterized by defining the longitudinal and perpendicular diameters of the isochronal areas relative to the RVOT axis ( Figure 2 ). The longitudinal diameter of the isochronal map area was that defined by a line parallel to the septal projection of the RVOT longitudinal axis (perpendicular to the plane of the pulmonary valve). The defined longitudinal axis specified the perpendicular axis of the early activated area. A new variable, the ratio between the longitudinal and perpendicular RV 10-and 20-ms isochronal map area diameters, was created to characterize the shape area.
Statistical Analysis
Data are reported as median and interquartile range. The comparison between populations was performed with Mann-Whitney U test. Proportions were compared with Fisher exact test. We used the likelihood ratio (LR+), defined as sensitivity/(1−specificity), to evaluate the optimal cutoff value for predicting a left-sided arrhythmia in our sample. P≤0.05 was considered statistically significant. Statistical analysis was performed using SPSS for Windows version 18.0 (SPSS, Inc, Chicago, IL).
Results
Patient Population
Baseline characteristics of the 15 patients with a V 3 transition and a septal earliest activation in the RVOT are summarized in Table 1 . These patients represent 39.5% of a series of 38 consecutive patients submitted for ablation. Ablation was successful in all these 15 patients, 7 of them in the LVOT (5 in the right sinus of Valsalva, 1 in the left sinus of Valsalva, and Table 1 1 just below the aortic valve between the right and the left coronary cusp), and 8 in the RVOT.
. Baseline Characteristics of Patients With Outflow Tract Ventricular Arrhythmia With a V3 Transition and a Septal Earliest Activation
Surface ECG and RVOT Mapping Data
Differences between the surface ECG variables depending on the SOO are shown in Table 2 . Significant differences were only found for the R-wave duration ratio in V 2 during PVC, which were higher in the case of LVOT SOO (0.31 [0.22-0.41] versus 0.47 [0.39-0.5]; P=0.037).
Differences in the variables obtained from the electroanatomic map depending on the SOO are shown in Table 3 . The 10-ms isochronal map area in the RVOT was significantly smaller in the RVOT than in the LVOT SOO group (1.2 [0.4-2.1] versus 3.4 [2.4-3.9] cm 2 , respectively; P=0.004). A cutoff value of >2.3 cm 2 was able to predict an LVOT SOO with 85.7% sensitivity and 87.5% specificity ( Figure 3) .
The shape of the 10-ms isochronal area also differed depending on the SOO. Although the longitudinal diameter did not differ significantly depending on the RVOT versus the LVOT SOO (12 mm [8] [9] [10] [11] [12] [13] [14] [15] [16] versus 14 mm [12] [13] [14] [15] [16] ; P=0.9), the perpendicular diameter was significantly greater in the LVOT group (13 mm [7-17] versus 28 mm [20-29]; P=0.001), explaining the differences in the 10-ms isochronal map areas. The longitudinal to perpendicular diameter ratio The fill threshold value is a CARTO parameter expressed in millimeters, which indicates the distance around an acquired point that is filled by the system and colored according to the point prematurity. Therefore, the minimal fill threshold value that fully colors the 10-and 20-ms isochronal map areas indicates the mapping density of the area of interest. This fill threshold value did not differ significantly between the patient groups (Table 3) , and the median value of this parameter in the 10-ms early activated area for the 2 patient groups was 6 (4-9) mm.
The sensitivity and specificity of the ECG variables and the mapping data for the VAs with a V 3 transition and a septal earliest activation are shown in Table 4 . A cutoff value of the longitudinal to perpendicular diameter ratio of <0.8 predicted an LVOT SOO with 100% specificity and 100% sensitivity (Figure 4 ).
CS Mapping
The usefulness of CS mapping to distinguish between the RVOT and the LVOT SOO was evaluated by comparing the measured prematurity between the distal CS (at the level of its junction with the anterior interventricular vein) and the RVOT in both groups of patients. In the RVOT group, all patients had a higher prematurity in the septal RVOT than in the distal CS. In the LVOT group, an earlier distal CS activation was found in 28% (n=2), whereas 72% (n=5) of them had a higher precocity in the septal RVOT. In 1 of the cases with a higher prematurity in the CS, the SOO was located just below the aortic valve between the right and left coronary cusps, whereas in the other case, the SOO was in the left sinus of Valsalva. In all cases in the LVOT group in which a higher precocity was found in the septal RVOT, the SOO was located in the right sinus of Valsalva. Two representative activation patterns from the mapped RVOT, the aortic root, and the distal CS in 2 different SOOS are shown in Figure 5 . 
Discussion
The main finding of the study is that intracardiac mapping data can predict LVOT versus RVOT SOO with a high sensitivity and specificity in a population of patients with OT VAs, a V 3 transition, and a septal earliest activation.
Surface ECG
The ECG features of RVOT VAs are accepted to be left bundle branch block morphology and a precordial transition that begins no earlier than V 3 . 15 However, an important proportion of patients with LVOT VA have a transition zone in V 3 , and the SOO is not straightforward. In previous studies and in the present one, the ratio of RVOT to LVOT SOO in patients with V 3 transition was ≈1:1. 1 Therefore, additional ECG features or intracardiac mapping data are necessary to increase accuracy in identifying the actual SOO in this population. A recent study focusing on patients with a V 3 transition showed that the V 2 transition ratio could be used to predict RVOT versus LVOT SOO. 1 This parameter has been tested in the present study; however, sensitivity and specificity were lower than previously published in this specific subgroup of patients. 1 There are 3 main differences between the 2 studies that could account for the discrepancy in the accuracy of the ECG criterion to predict the SOO: (1) in the present study, patients having structural heart disease or ECG abnormalities during sinus rhythm were not excluded so that the results would be applicable to the whole population of patients having a V 3 transition; (2) because not all patients with a V 3 transition have a septal earliest activation (11% of patients in the present series), this criterion was also required in the present study; and (3) strikingly, a higher than expected proportion of patients in the previous series had a left sinus of Valsalva origin because the precordial transition usually occurs in V 1 or V 2 in those patients.
Mapping Data
The intracardiac EG prematurity at the successful ablation site in the RVOT differs greatly in previously published studies 5, 6 in patients with an RVOT SOO. As expected, because of the close anatomic SOO of the 2 groups in the present series (72% of the LVOT VAs originated from the right sinus of Valsalva), intracardiac EG precocity in the RVOT showed a big overlap between the 2 groups. Therefore, absolute prematurity in the RVOT is not helpful in deciding the right place for RF application in the case of a V 3 transition. As was expected, because of the inclusion criteria, a small proportion of patients (n=1; 14%) had a left sinus of Valsalva SOO. Accordingly, previous reports have shown that PVCs originating from the left sinus of Valsalva usually have an earlier ECG transition than those originating from the right sinus of Valsalva. 16 In contrast, 35% of patients with a V 3 transition had a left sinus of Valsalva SOO in a previous report. 1 The low percentage of a left sinus of Valsalva SOO in the present study probably accounts for the fact that the distal CS mapping was not found to be useful to predict the SOO of OT VTs with a V 3 transition and a septal earliest activation.
To our knowledge, no previous study has described the characteristic RVOT activation pattern that predicts a left-sided origin of OT VAs, even in the general group of patients with a transition in V 3 or beyond. The size and shape of the early activated area in the RVOT probably depends on multiple factors, including the arrhythmia SOO, the myocardial fiber orientation in the region of interest, the velocity of impulse propagation, and the chamber geometry. When the VA originates in the LVOT, the spread of activation causes the activation wavefront to reach the RVOT in a larger isochronal map area. In the case of an RVOT SOO, the 10-ms isochronal map area in the RVOT was 1.2 (0.4-2.1) cm 2 , similar to a previous study where this area was 1.2±0.7 cm. 2, 10 This area is significantly greater in cases with LVOT origin (3.4 [2.4-3.9] cm 2 ), although with a small overlap between groups. These reported results could have been influenced by the administration of isoproterenol, which was not used in the present study. Isoproterenol would increase the impulse propagation velocity and, thus, the size of the early activated area. In fact, the difference in size of the early (10 ms) activated area in 2 previous studies 5,10 was attributed to differences in isoproterenol administration. Therefore, the results on the size of the early activated area in the septal RVOT are limited for procedures performed without isoproterenol administration.
However, the shape of the 10-ms isochronal area is dependent on the chamber geometry and the myocardial fiber orientation because the velocity of impulse propagation is higher in the longitudinal direction. 13 The myocardial fiber orientation in the RV is circumferential and parallel to the atrioventricular groove in the subepicardial region, whereas there are longitudinally aligned myocardial fibers in the endocardial surface. 12 In the present study, we have found a characteristic activation pattern in the subendocardial RVOT that significantly differs, depending on the chamber of origin (RVOT versus LVOT). If the SOO is located in the LVOT, the 10-ms isochronal map area in the subendocardial RVOT is significantly greater, and the shape of activation shows an elliptic pattern with the long axis perpendicular to the OT axis orientation and parallel to the subepicardial fiber orientation. In the case of a septal RVOT SOO, the 10-ms isochronal map has a rounded shape. Although the present series had no cases with an epicardial origin (LV summit or distal CS), because of their low prevalence, such cases should be expected to produce a bigger 10-ms isochronal map area on the septal RVOT compared with the true septal RVOT PVCs.
Finally, to make these results reproducible and clinically applicable, the minimum fill threshold to fill the area of interest (10-ms isochronal area in the septal RVOT) on the electroanatomic map should be set up as ≤10 mm according to the measured values in the present study (median, 6 [4] [5] [6] [7] [8] [9] ).
Study Limitations
The retrospective nature of the study and the small sample population are the main limitations, and thus, the value of the described criteria should be evaluated in a prospective study. The presence of underlying cardiomyopathy (60% of patients) and conduction disturbances (20% of patients) during sinus rhythm was not exclusion criteria. Therefore, the isochronal map area and shape could have been influenced by the structural/functional changes in the myocardial tissue that could lead to a different pattern of impulse propagation.
However, it has been recently shown that an LVOT SOO can be more prevalent than an RVOT SOO in patients with structural heart disease or LV dysfunction, 17 and a substantial proportion of these patients have PVCs with a V 3 transition and a baseline abnormal ECG. Therefore, the exclusion of patients with structural heart disease or baseline ECG abnormalities from the study would decrease the clinical value of the identified criteria.
Although the results on the size of the early activated area in the septal RVOT are limited for procedures performed without isoproterenol administration, it probably would not alter the activation pattern, and therefore, the longitudinal to perpendicular axis ratio would remain useful in those cases.
Conclusions
A different activation pattern in the RVOT 10-ms isochronal maps exists in OT VTs with a V 3 transition and a septal earliest activation, depending on the RVOT versus the LVOT SOO. This information can be used to predict the SOO of OT VTs with a high accuracy, thereby avoiding extensive RVOT ablation or unnecessary CS or LVOT mapping.
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